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Objectives: Assesment of radiation dose implementing low-dose CTPA protocols.
Method: Retrospective analysis of radiation dose in two groups of adult patients, who
underwent CECT chest and who were scanned by low-dose CTPA protocol from April
2014 to June 2015. Dose reduction techniques in CTPA included low kVp and iterative
reconstruction.
The values for CT dose index/volume and the dose-length product (DLP) were available
from patients’ information sheet. Effective dose (ED) was calculated by multiplying DLP
by body-specific conversion factor, k factor, 0.014.
Statistical analysis using SPSS 16 was done for mean DLP, ED as well as paired T-test for
comparison of groups.
Results: DLP for CECT chest protocol was 218 mGy cm. Mean DLP value when applying
low-dose CTPA technique was 166.2 mGy cm. The ED from CECT chest protocol was
1.6–6.3 mSv, while using low-dose CTPA protocol it ranged from 1.2 to 4.3 mSv.
Statistically significant reduction of 23% of mean effective dose was achieved in Group 2.
P value is less than 0.01.
Conclusions: Low-dose CTPA protocol results in ED values that are significantly lower than
CECT chest protocol and within accepted range for international radiation dose of CTPA.
 2016 The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by
Elsevier. This is an open access article under the CC BY-NC-ND license (http://creativecom-
mons.org/licenses/by-nc-nd/4.0/).1. Introduction However, any thrombotic process within the body will ele-Acute Pulmonary Embolism (PE) can be rapidly fatal and
is considered the third most common acute cardiovascular
disease after myocardial infarction and stroke. The typical
presentation of PE is nonspecific, chest pain and shortness
of breath; these symptoms are common with other chest
conditions (e.g., cardiac failure, pneumonia, and pneumoth-
orax). The most useful laboratory test is the d-dimer level.vate the d-dimer level; therefore the d-dimer test is not
specific for venous thromboembolism or PE. Current guide-
lines based on studies in tertiary centers suggest using a
clinical probability score (Wells criteria or Geneva score)
and D-dimer testing prior to requesting CTPA [1].
As documented in the Royal College of Radiologists
(RCR) referral guidelines, CT Pulmonary Angiography
(CTPA) is the investigation of choice in patients with a high
clinical suspicion of PE [2]. It is convenient as it gives
prompt diagnosis and is accessible after regular duty hours,
unlike V/Q scan, and it might offer alternative diagnoses.
This recommendation is based on high sensitivity and
specificity for PE and other clinically important conditions
that mimic PE [1]. Unfortunately, it carries risk of radiation
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audit. Since CTPA is being utilized with increasing fre-
quency, the lack of adherence to current guidelines (or lack
of resources) results in large percent of negative scans.
The Royal College of Radiologist (UK) suggests 15.4–
37.4% as an acceptable CTPA positive rate [2].
American college of Radiology (ACR) guidelines
acknowledge the relatively high radiation dose of the CTPA
examination. Compared to the single X-ray exposure of
single-view radiography, the CT image acquisition process
requires 800–1400 X-ray exposures around the patient.
Thus, the radiation dose of CT is substantially greater
(100–400 times) [1]. Studies have shown that lower-
voltage protocols for CTPA reduce the radiation dose [3].
The X-ray radiation used in a CT examination can be
described using two different metrics. The first metric isFig. 1a. Bolus tracki
Fig. 1b. Time-threknown as the CT dose index (CTDI) (mGy), which is
based on energy delivered to phantom/gantry rotation.
Although simple and reproducible, CTDI is not directly
associated with patient radiation risk. However, another
measurement which is more representative of the
applied radiation dose is calculated by multiplying the
CTDIw/vol by the scanning length in centimeters known
as the dose-length product (DLP) which is measured in
mGy cm.
The second metric is effective dose (ED) which incorpo-
rates the radio-sensitivity of the object or region scanned,
thus providing a basic measure of risk. ED can be estimated
by determining the average energy deposited within each
organ multiplied by the organ’s radio-sensitivity factor
and then summed over all organs. The ED is simply calcu-
lated by multiplying the DLP by this body-specific conver-ng technique.
shold curve.
i-Bilateral extensive PE 
ii-Saddle PE 
Fig. 2b. Images of CTPA. (i) Bilateral extensive PE. (ii) Saddle PE.
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for head and neck, chest, abdomen and pelvis, and extrem-
ities have been determined using Monte Carlo simulation
in reference subjects [1].
The rational of the audit: Low-dose CTPA is part of
recent increase in awareness toward reduction of patients’
radiation doses in different examinations, a major shift
from reactive to preventive attitude. This is made possible
due to the recent advances in CT technology implementing
automatic tube current modulation (ATCM), Low kVp, and
Filtered back projection utilizing iterative reconstruction
technique.
2. Objectives
This audit examines whether our practice is coherent
with international standards in regard to low-dose radia-
tion to patients undergoing CTPA for diagnosis of PE. Thus
calculating the adult patients’ radiation dose when imple-
menting low-dose CTPA protocols and in comparison with
Standard CECT chest.
3. Material and methods
This retrospective audit was carried out at Nizwa
Hospital, a tertiary Facility, at Sultanate of Oman.
Ethical issues: None. This Audit had received the
approval of the institutional Quality Assurance and Clinical
Audit Department, Hospital Director of Nizwa Hospital, as
well as Director General of Quality Assurance Center of
MOH, Oman.
The Radiology Department utilizes multi-detector 128-
slice Ingenuity Philips CT scanner. We performed 4623 CT
examinations during April 2014 to June 2015.
1- Patients
i- The sample included 129 consecutive adult cases
scanned for CT Chest from April 2014 to June
2015. These were divided into two groups:Fig. 2a. Image of contrast enhanced CGroup (1): included 71 patients scanned using
standard contrast enhanced CT (CECT) Chest
protocol.T Chest.
Fig. 3a. Standard CECT Chest - CT dose information sheet parameters.
Fig. 3b. CTPA - CT dose information sheet parameters.
Minimum Maximum Mean Std. Deviation
group 1 116.2 456.2 218 71.57
group 2 85.7 309.9 166.27 46.018
DLP, Dose Length Product. Group 1, Standard CECT. Group 2, low Dose CTPA
0
100
200
300
400
500
Minimum Maximum Mean Std. Deviaon
group 1
group 2
Graph 1. Comparison of DLP for both groups.
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PE, scanned using Low-dose CTPA protocol.
ii- Exclusion criteria: Patients who underwent
HRCT, CT chest without contrast for any other
reason, and CT chest combined with other body
region (neck or abdomen) were not included.2- The imaging protocols and parameters are demon-
strated in Table 1, and Bolus tracking technique/time
threshold curve are demonstrated in Figs. 1a and 1b
respectively.
3- Image and study analysis:Table 1
Techniques and Protocol parameters.
Low dose CTPA Standard CECT
chesti- Images comparing standard CECT Chest to CTPA
are demonstrated in Figs. 2a and 2b respectively,
showed no compromise in image quality in
group 2 due to use of iDose4 instead of
iDose2(refer to V-Discussion, item iii)
ii- Patients’ data including age, sex, CTDI vol, DLP
and percent of saved dose were available from
patients’ CT dose information sheet parameters
(Figs. 3a and 3b).
iii- ED was calculated by multiplying DLP⁄ K, where
K is a weighing factor which depends only on
body region (0.014–0.015 for chest) [4].Patient position Supine4- Statistical analysis
Feed Head first
Scan thickness 1 mm 2mm
Pitch 0.7 mm 1.015 mm
Increment 0.5 mm 1mm
ROI Placement Main
pulmonary
trunk
Aorta
Bolus tracking threshold 120 100
IV contrast 70 ml of
300 mgI/ml @
70 ml of
300 mgI/ml @i- Patients’ data were collected in data sheet.
(Attached is a sample of data collection sheet
at end of text).
ii- Retrospective analysis using SPSS 16 was done to
assess radiation dose to patients including mean
and standard deviation of DLP and ED. Paired
T-test to compare values of both groups was car-
ried out.4–4.5 ml/s 3.0 ml/s
Automatic tube current
modulation technique
z-axis dose modulation, z-DOM
Fixed kVp 100 kVp 120 kVp
Filter Standard Standard (B)
Filtered back projection
iterative reconstruction
technique
(iDose4) (iDose2)4. Results
The age of patients ranged from 18 to 93 years, with a
mean age of 50 years. Female patients were slightly pre-
dominant constituting 52.1% of sample of group 1 and
51.7% of group 2.Minimum Maximum
group 1 1.6 6.3
group 2 1.2 4.3
ED, Effective Dose.  Group 1, Standard C
0
1
2
3
4
5
6
7
Minimum Maximum
Graph 2. Comparison of E1- Group 1 yielded DLP that ranged from 116.2 to
456.2 mGy cm with a mean value of 218 mGy cm,
while the ED absorbed by the patients ranged from
1.6 to 6.3 mSv, mean value 3.0 mSv ± 1.001.
2- For patients in Group 2, the DLP recorded ranged
from 85.7 to 309.9 mGy cm with a mean value of
166.2 mGy cm, while ED absorbed by patients ran-
ged from 1.2 to 4.3 mSv, mean value 2.3 mSv ± 0.65.
3- Graphs 1 and 2 demonstrate comparison between
the two groups relating to minimum, maximum,
mean values as well as Standard Deviation of DLP
and ED respectively which was statistically signifi-
cant for group 2 as compared with Group 1 (P value
less than 0.01).
4- About 23% reduction of mean effective dose was
achieved in Group 2.Mean Std. Deviation
3 1.001
2.343 0.6516
ECT. Group 2, low Dose CTPA
Mean Std. Deviaon
group 1
group 2
D for both groups.
Fig. 4a. Peripherally located PE in third order branch in LT UL.
Fig. 4b. Peripherally located PE in fourth order branch in LT LL.
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Table 2
Comparison between our values utilizing low dose CTPA and literature.
Mean DLP
(mGy cm)
Mean effective Dose
(mSv)
Our low dose CTPA 166.27 2.3 ± 0.65
Low dose CTPA Heyer
et al. [3]
– 1.37 ± 0.39
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Since CTPA is being utilized with increasing frequency,
this resulted in a large number of scans worldwide.
Increased awareness of the high level of medical radiation
exposure has motivated researchers and equipment manu-
facturers to evaluate all aspects of the CT chain, searching
for radiation reduction strategies while retaining diagnos-
tic accuracy [1]. This has been implemented in low dose
CTPA and other areas such as low dose CT KUB for diagno-
sis of renal stone, CT colonography and all of pediatric CT
examinations.
The dose Reduction in CTPA was achieved by utilizing
two methods:
i. The first method is the application of low-dose tech-
nique in CTPA with all its parameters (refer to
Table 1), namely low kVp fixed at 100, which is
responsible for the abovementioned reduction of
ED absorbed (refer to text III-2).
ii. The second method is the use of the Dose-Right Dose
Modulation (DOM) technique also known as Auto-
matic Tube Current Modulation (ATCM). ATCM
may be defined as a set of techniques that enable
automatic adjustment of the tube current in the x-
y plane (angular modulation) and along the z-axis
(z-axis modulation) according to the size and atten-
uation characteristics of the body part being scanned
and achieve constant acceptable CT image quality
with lower radiation exposure on the basis of
patient geometry. Hence, ATCM techniques are anal-
ogous to the automatic exposure-control or
photograph-timing techniques used in conventional
radiography [5].
iii. Iterative reconstruction (IR) (Philips iDose) was used
in image post processing based on technique using
filtered back projection. The clinical basis for the
benefits of IR implementation primarily involves
image noise reduction. It leads to improved objec-
tive and subjective image quality and reduce noise
throughout the body, particularly in obese patients
with enhanced diagnostic accuracy and artifact sup-
pression with use of IR [6].
The high inherent contrast and low attenuation in
lung parenchyma enable tolerance of image noise and
substantial dose reduction compared with other body
regions, such as the abdomen or head. Padole et al.
showed that IR provided substantially lower noise when
used in CT angiography of chest at 100 and even at
120 kV [7].
In our practice this has not compromised the image
quality nor diagnostic accuracy, PE at third and fourth
order branches was diagnosed with ease as filling defects
(Figs. 4a and 4b), and even more peripheral affected arter-
ies that demonstrate less contrast attenuation are fre-
quently diagnosed.
Heyer et al. also showed that the 100-kVp protocol
had a non-significantly higher image noise (16.9 HU vs
13.7 HU; (P = 0.84), which resulted in almost identical
SNR (25.3 vs 27.0 (P = 0.37). There was no significantdifference in subjective image quality between protocols
[3].
The implication of iterative reconstruction (Philips
iDose2) in group 1 is responsible for a percent of
reduction of dose for the individual patient (average
12.4%). The utilization of a different reconstruction filter
(Philips iDose4) in group 2 improved the percent of
reduction of dose for each patient with an average value
of 16.8%.
In terms of DLP and ED, our results were well within the
range matching other studies from UK and USA.
In the literature, some of the absorbed doses were
estimated to be 20–60 mGy, or 13–40 mSv for a CT
examination performed for pulmonary embolism, due to
application of standard CECT chest protocol in those stud-
ies [8].
In other reviews ‘‘Criteria developed by the Expert
Panels are reviewed by the American College of Radiology
(ACR) Committee on Appropriateness Criteria.” The CTA
(non-coronary) was given an RRL of 3 (Relative Radiation
Level) which is equivalent to an adult ED estimated range
of 1–10 mSv, with no evidence of application of low-dose
CTPA [9].
In UK, Public Health England produced a publication in
September 2014 reviewing studies in 2011 showed the
typical dose value for CTDI was 10.8 mGy and DLP was
360 mGy cm, again with no clear evidence of application
of low-dose protocol for CTPA [10].
When low-dose protocol was applied, the ED value
recorded by Heyer et al. was 1.37 mSv ± 0.39 vs
2.44 mSv ± 0.97; (P = 0.001) when applying 120 kVp proto-
col [3].
Comparison between mean and range values of our DLP
and ED and values in the literature is demonstrated in
Table 2.6. Conclusion
The effective dose estimated to be absorbed in our prac-
tice using low-dose CTPA protocol is within the interna-
tional standard accepted values, and much lower than
normal standard CECT chest examination doses.7. Recommendations
CTPA should not be carried out using the protocol for
standard CECT chest examinations; instead low-dose pro-
tocols should always be implemented. Another audit is
recommended to reduce scan length limiting it to exam-
ined pulmonary arteries and branches.
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Low-dose CTPA, all patients should have validated clinical
probability of PE calculated (PE rule-out criteria, Wells
score, Geneva score), with d-dimer when indicated.
Another Audit of the justification and positive rate CTPA
examinations will also follow as it is also useful to validate
and improve justification.8. Patient data collection sheetNo Date ID Name age sex
Study 
#
Total 
DLP 
(mGy 
cm)
Total  
CTDI  
Vol ( 
mGy)
ED = 
DLP* 
0.0145 
(mSv) 
APD 
(cm) kV mAs
%  of 
dose 
saved
1 06/07/2015 108404
Jane 
Doe 25 F 19671 116.2 31.92 1.6 23 120 71 9
2
58
1 07/06/2015 12345
John 
Doe 23 M 54321 213.7 17.89 3 23 100 121 10
2
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